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I. FORMATION OF CLUSTER IONS
In pulsed-laser stimulated field evaporation, if the pulsed-laser heating temperature of the emitter surface is sufficiently high and the applied field low enough, then the field evaporated ions may contain multiatomic ions /I/. In pulsed-laser stimulated field evaporation of silicon, cluster ions of Si;, Sif, Si; and Sif have been identified earlier /2/. Since Si2+ and ~i~~+ have exactly the same mass-to-charge ratios, these identifications are by no means certain. We present here a study of cluster ion formation in pulsed-laser stimulated field evaporation of silicon /3/ focusing on two aspects, namely a careful identification of the cluster ion species, and the identification of the magic numbers /3,4/ in the formation of silicon cluster ions:
Pulsed-laser stimulated field evaporation proceeds "normally" under very low laser power and an applied field just below the vacuum dc evaporation field. Silicon field evaporates exclusively as si2+ with a very narrow ion energy distribution and an excellent mass separation /5,6/ as shown in Fig. 4 of ref. 5. At a given applied voltage, the field evaporation can be sustained almost indefinitely by gradually increasing the laser power intensity to reach a steady state condition where Si atoms are continuously supplied from the emitter shank by a field gradient and temperature induced surface diffusion. Under this condition, beside % 50% of atomic ions si2+ and 35% of Si+, about 15% of multiatomic cluster ions are formed. The mass lines of Si2+ are still very narrow as shown in Fig. 1 . The mass lines of Si+ and cluster ions contain low energy tails. For example the low energy tail of Si+ extends to more than 200 eV. These low energy tails are produced by fragmentation of larger clusters into ~i + and smaller cluster ions. A complete mass spectrum of cluster ions is shown in Fig. 2. An unequivocal identification of cluster ion species can be done by using an isotope mixing which occurs in the formation multiatomic clusters. Fig. 3 shoma few examples. The mass lines around M/n = 56 are identified as si42+ since there exists half integral mass lines. Detailed analysis of the relative abundance o f each mass line can be found in ref. 3 . Here we will summarize some of the conclusions drawn from this study.
1. Most of the cluster ions are doubly charged although some of the large cluster ions cannot yet be identified unequivocally because of the very small number of ions detected. A notable exceptign is the mass peak around M/n=112. The fine structure shows only integral mass lines. This ion species is therefore identified as si4+. FLIGHT TIME (ns) Fig. 3 . F i n e s t r u c t u r e s found around t h e mass-to-charge r a t i o s 42,56 and 70.
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3. The t h r e e most abundant c l u s t e r i o n s p e c i e s a r e ~i i + , ~i g + and Si6 . The numb e r s 4,5 and 6 may b e c a l l e d t h e magic numbers i n s i l i c o n c l u s t e r i o n formation f o r t h e reason t h a t t h e s e a r e t h e only small, h i g h l y symmetric atomic u n i t s e x i s t i n g i n a s i l i c o n c r y s t a l a s i l l u s t r a t e d i n Fig. 4 . W e a r e n o t c e r t a i n , however, t h a t t h e c l u s t e r i o n s r e t a i n t h e same atomic s t r u c t u r e of t h e s e atomic u n i t s . It i s i n t e r e s t i n g t o n o t e t h a t 13 atoms w i l l form t h r e e symmetric hexagonal r i n g s t r u c t u r e s of t h e (111) l a y e r s of S i . Thus 1 3 i s a l s o a magic number. F i n a l l y we should a s k t h e q u e s t i o n o f why it i s p o s s i b l e t o observe such s m a l l doubly charged c l u s t e r i o n s of o n l y 3 t o 16 atoms p e r c l u s t e r .
According t o S a t t l e r e t a l . /4/, below a c r i t i c a l number of atoms p e r c l u s t e r i o n , doubly charged c l u s t e r i o n s a r e u n s t a b l e because of t h e Coulomb r e p u l s i o n between t h e two c h a r g e s , o r known a s Coulomb e x p l o s i o n . T h i s number i s a s l a r g e a s 30,20, and 52 f o r m e t a l l i c , i o n i c and

van d e r Waals c l u s t e r s Pbm , (NaI), , and Xe,,, , r e s p e c t i v e l y . Our r e s u l t w i t h cov a l e n t c l u s t e r s~E i s d r a m a t i c a l l y d i f f e r e n t from t h e i r o b s e r v a t i o n s . T h i s i s a s u b j e c t which h a s t o b e f u r t h e r i n v e s t i g a t e d .
A PHOTOEXCITATION EFFECT
A p h o t o e x c i t a t i o n e f f e c t i n f i e l d i o n i z a t i o n on a n aluminum o x i d e s u r f a c e was f i r s t r e p o r t e d by Tsong, Block and coworkers /7/. They observed a n i n c r e a s e i n t h e f i e l d i o n c u r r e n t by a f a c t o r of 4 by i r r a d i a t i o n of u s e c l a s e r p u l s e s of An500 pm. No such e f f e c t was observed w i t h m e t a l t i p s .
A more d i r e c t proof of t h e o c c u r r e n c e of a p h o t o e x c i t a t i o n e f f e c t i s by a measurement of t h e enerqy d i s t r i b u t i o n of f i e l d e m i t t e d i o n s .
With a p h o t o e x c i t a t i o n e f f e c t , some of t h e i o n s should have a n energy d e f i c i t l e s s t h a n t h e c r i t i c a l enerqy d e f i c i t of o r d i n a r y f i e l d i o n emission.
S i n c e we a r e now a b l e t o measure t h e i o n energy t o an a b s o l u t e a c c u r a c y b e t t e r t h a n 0.5 eV, we s h o u l d b e a b l e t o d e t e c t a p h o t o e x c i t a t i o n e f f e c t .
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